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Abstract Accurate estimation of runoff and sediment
yield amount is not only an important task in physiographic
but also important for proper watershed management. This
paper proposes a seasonal relationship between Soil Con-
servation Services, runoff curve number (CN) and sedi-
ment yield (SY). Short-term sediment yield value of
duration range from 1 to 30 day was correlated with the
runoff CN derived for the respective duration from
observed rainfall–runoff data. It is derived empirically
from short-term (10 years) daily rainfall–runoff data of the
Shakkar watershed of Narmada Basin falling in Madhya
Pradesh (India). The resulting coefficient of determination
(R2) values range (0.76–0.79) strongly support the versa-
tility of the derived relationship and invokes determination
of SY from the available National Engineering Handbook
(NEH-4) CN values.
Keywords Sediment yield (SY)  Curve number  Soil
conservation service  Prediction model  Catchment
Introduction
Information on sediment yield from a catchment is very
often required for planning, designing and evaluation of
soil conservation projects, design and operation of reser-
voirs, environmental and water pollution control measures,
and drought and flood control programs. The available soil
loss models can be categorized into two groups, one based
on stormwise analysis and the other on a yearly basis.
Stormwise models are either sediment graph models
(Rendon-Herraro 1974; Williams 1972; Das and Agarwal
1990) or total sediment yield models (Williams 1978; Das
and Chauhan 1990), and the yearly models are for average
soil erosion per annum (Wischmeier and Smith 1965; El-
well 1978). These models are empirical in nature and
consider the watershed as a non-deterministic system for
simplification in calculations, on the other hand, very few
models are available for accurate estimation of sedimen-
tograph from the storm event.
The need for accurate information on watershed runoff and
sediment yield has grown rapidly during the past decades
because of the acceleration of watershed management pro-
grams for conservation, development, and beneficial use of all
natural resources, including soil and water (Gajbhiye and
Mishra 2012; Mishra et al. 2013). In India, both Central and
State Governments launched soil and water conservation
programs during various 5-year plans beginning in the early
1950s. The objectives of all watershed management programs
are to increase infiltration into soil, to control excess runoff, to
manage and utilize runoff for useful purposes, and to reduce
soil erosion to protect land. Therefore, the prerequisite for any
watershed development plan is to understand the hydrology of
the watershed and to determine runoff and sediment yield.
Many researchers according to their study region and
measures, established different empirical statistical models
(Jiang and Song 1980; Mou and Xiong 1980; Mou and
Meng 1983; Yin 1989; Wang and Zhang 1990; Wang and
Huang 1992; Cao et al. 1993). Although many empirical
statistical models were established, their involving in fac-
tors was not same. Foreign statistical models such as USLE
(Wischmeier and Smith 1978) and RUSLE (Renard et al.
1991), in which sediment yield rules and mechanism in
different scales were not better presented.
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Over the years, several hydrological models ranging
from empirical relationships to physically based models
have been developed for the prediction of runoff and sed-
iment yield. Physically based models are better because
they consider the controlling physical processes, but at the
same time their data requirements are also high. Often,
even in intensively monitored watersheds, all the required
data are not available. Therefore, there is a need to look for
alternative methods for the prediction of sediment yield
using readily available information e.g., rainfall and runoff.
To this end, a link between the Soil Conservation Service
(1956) parameter potential maximum retention (S) (and
curve number, CN) and sediment yield (SY) is explored.
Thus, the main objective of this study is to propose an
implicit relationship between Soil Conservation Service
Curve Number (SCS-CN) parameter CN and SY.
Methodology
SCS-CN method
The Soil Conservation Service Curve Number (SCS-CN)
method (SCS 1956) employs the water balance equation
and two fundamental hypotheses. The water balance is
expressed as:
P ¼ Ia þ F þ Q ð1Þ
The first hypothesis states that the ratio of direct runoff to
potential maximum runoff is equal to the ratio of
infiltration to potential maximum retention and, according
to the second hypothesis; the initial abstraction is some
fraction of the potential maximum retention. These are
respectively expressed as:
Q





Ia ¼ kS ð3Þ
where P = total precipitation (mm), Ia = initial
abstraction (mm), F = cumulative infiltration (mm),
Q = direct runoff (mm), and S = potential maximum
retention (mm), and k = initial abstraction coefficient
(=0.2, a standard value). Though k can theoretically vary
from 0 to ? (Mishra and Singh 1999, 2003a, 2004a),
k = 0.05 has been advocated for field use (Hawkins 2001).
A combination of Eqs. 1 and 2 leads to the popular form of
the SCS-CN method:
Q ¼ ðP  IaÞ
2
P  Ia þ S ¼
ðP  kSÞ2
P þ ð1  kÞS ð4Þ
Here, P C Ia, Q = 0 otherwise. From the observed
rainfall–runoff data, the SCS-CN parameter S can be
determined as follows (Hawkins 1993) with k = 0.2:
S ¼ 5 P þ 2Qð Þ 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ




S can be transformed to CN scale using the following
empirical relation:
CN ¼ 25; 400=ðS þ 254Þ ð6Þ
where S is in mm and CN is a non-dimensional parameter.
A detailed description of the application procedure is
available elsewhere (McCuen 1982; Ponce 1989; Mishra
and Singh 2003a; Michel et al. 2005).
For estimation of CN and SY for long duration (i.e.
more than 1 day) rain events, the procedure is proposed as
follows:
a. Prepare a series of available daily rainfall (P) and
runoff (Q) data in same units (for example, mm/day)
for the period the data are available. Filter these data
by removing the pairs of P–Q data showing the runoff
factor (C = Q/P) [ 1.
b. Sort the remaining P–Q data in the descending order of
P. and calculate CN using Eqs. (5) and (6). Describe
CN for 10, 50, and 90 % probability of exceedances
(PE) as to correspond to dry, normal, and wet
conditions, respectively. Since these values are derived
from daily P–Q data, the derived CN-values corre-
spond to 1-day rain duration.
c. From the above daily P–Q data, derive two-daily,
three-daily, four-daily and so on P–Q series, by
summing the rainfall and corresponding runoff values
for respective durations.
d. Short-term SY values are selected corresponding to
50 % probability of exceedances (PE) of CN for each
rain duration.
Proposed SCS-CN-based SY model
The SCS-CN proportional equality (C = Sr) concept, it is
possible to extend it for sediment yield as (Mishra et al.
2006):
C ¼ Sr ¼ DR ð7Þ
Where, C is runoff coefficient, Sr is the degree of saturation
and DR is the delivery ratio. In Eq. (7), all variables range
from 0 to 1. Using the usual definition and Ia = 0, Eq. (7)
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Eq. (8) implies that the sediment yield is directly
proportional to the potential maximum erosion ‘A’ and
runoff factor C is the proportionality constant.
Alternatively,
SY ¼ AP
P þ S ð9Þ
For the given watershed characteristics or A and P, the
actual sediment yield (SY) increases as S decreases, which
is in conformity with the general notion that the higher the
runoff amount, the higher will be the sediment erosion and
its transport and hence higher the sediment yield and vice
versa. As S ? 0 (or CN ? 100), SY ? A since
Q ? P. Similarly, as S ? ?(or CN ? 0), SY ? 0
since Q ? 0. It is consistent with the general notion that
the surface runoff primarily drives sediment erosion. Thus,
there appears to be a relation existing between SY and S,
which can be described in power form as follows:
SY ¼ aðSÞb ð10Þ
Where a and b are the coefficient and exponent, respec-
tively. S and CN exists in an inverse relationship (Eq. 10),
Eq. 10 suggests SY to be high for the watersheds of low S,




To develop the concept following Mishra and Singh




¼ ð1  eatÞ ð11Þ
where, F is the cumulative infiltration, S potential
maximum retention and t is the rain duration.An
assumption of rainfall P growing linearity with time
t leads to
P ¼ ie  t ð12Þ
which is a valid and reasonable assumption for infiltration





Referring to Fig. 2, one can express
St ¼ So  F ð14Þ
where, St is the available storage for water retention in a
soil column at time t, So is the potential storage space
available for moisture retention in the soil column.
Parameter So is shown to be equivalent to the potential
maximum retention of the SCS-CN model (S = So)
(Mishra and Singh 1999). Coupling Eq. (14) with
Eq. (11) (for S = So) yields
S ¼ Stð1 þ atÞ ð15Þ
Eq. 15 shows the variation of S with rain duration (t). It
shows that as the potential maximum retention increases,
the rain duration increases and vice versa.
Novotny and Olem (1994) showed a power relationship
between C and DR:
DR ¼ aCb ð16Þ
DR is a dimensionless ratio of the sediment yield (SY) to





The coefficient C is also dimensionless and expressed in






P þ S ð18Þ
Coupling Eq. (16) with Eq. (17) (from Eq. 18,











Eq. (19) shows a relationship between SY and S and, in
turn, CN. It also shows that as the potential maximum
retention increases, the rate of sediment yield decreases
and vice versa.
Physical description
To show the existence of a relationship between CN and
SY, it is necessary to consider all the factors governing CN
and evaluate the impact of their variation on SY.
Agricultural management practices
Agricultural management systems involve different types
of tillage, vegetation and surface cover. Brakensiek and
Rawls (1988) reported that ploughing increases soil
porosity and, in turn increases infiltration rates over non-
tilled soil. Rawls and Brakensiek (1983) found that an
increase in organic matter in the soil lowers bulk density or
increases porosity, and hence, increases infiltration and, in
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turn, decreases the runoff potential or curve number in turn,
leads to less sediment losses.
Rainfall intensity
A greater intensity rainfall will render lesser time for rain
water to stay over the land surface, leading to a lesser
amount of infiltration, and consequently, a greater amount
of direct runoff. The reverse will also hold. In reality, a
high intensity rainfall or raindrop breaks down the soil
structure to make soil fines move into the soil surface or
near surface pores, leading to the formation of crust that
impedes infiltration and thus increases CN. In general,
higher rainfall intensity and lower coverage produced
higher sediment and consequently higher nutrient loss.
Antecedent runoff conditions (ARC)—according to
ARC criteria, CN is low in growing season than in dormant
season for the same antecedent moisture. When Antecedent
Rainfall Conditions change from dry to wet, consequently
the sediment yield and curve number increase supporting
the existence of an inverse SY–S relationship. It is worth
emphasizing here that the concept of soil-moisture-index
(SMI) is generally used to identify the ARC condition in
long-term hydrologic simulation.
Hydrologic condition
The hydrologic condition of an agricultural watershed is
defined in terms of the percent area of grass cover. The
larger the area of grass cover in a watershed, the lesser will
be the runoff potential of the watershed and more will be
the infiltration. Such a situation describes the watershed to
be in good hydrologic condition. Alternatively, a good
hydrologic condition allows more infiltration than does a
poor hydrologic condition. Thus, the hydrologic condition
of a forest area also represents its runoff producing
potential. The curve number will be highest for poor,
average for fair and lowest for good condition.
Fig. 1 Location map of the study area
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Land use
Land use characterizes the uppermost surface of the soil
system and has a definite bearing on infiltration and SY. It
describes the watershed cover and includes every kind of
vegetation, litter and mulch, and fallow as well as non-
agricultural uses, such as water surfaces, roads, roofs, etc.
SCS (1956) broadly classified the land use into three cat-
egories, urban, agricultural, woods and forest.
Urban lands Urban lands refer to the area of low or
insignificant permeability. These include residential, paved
parking lots, streets, roads, commercial and industrial
areas, etc. Paved areas are assigned the curve number equal
to 98. The amount of imperviousness plays an important
role in the rainfall–runoff process. The larger the imper-
vious area, the higher will be the runoff potential and
sediment yield of watershed and vice versa.
Cultivated land Agricultural watersheds can be classi-
fied as cultivated and uncultivated. The agricultural land
classified as fallow land, row crops, small grain crops,
pasture or range and medow. Fallow refers to bare agri-
cultural land use treatment having the highest runoff
potential and sediment yield. Straight row field are farmed
in straight rows either up and down the hill or across the
slope. Where land slopes are less than 2 %, farming across
the land slope in straight rows is equivalent to contouring.
Contouring delays runoff to increase infiltration, in turn,
reduces sediment yield.
Wood and forest In humid forest regions of the United
States, soil group, humus type and humus depth are the
major factors affecting CN. Humus increases with the age
of forest and because of its porous nature, it increases
infiltration. Good management practices refer to proper
use, protection and improvement of humus content for
increasing infiltration, whereas poor management practices
allow burning, over cutting or overgrazing and thereby
reduce infiltration. For a given soil type and hydrologic
condition, herbaceous forests exhibit the highest runoff
potential or curve number.
Study area
The Shakkar river rises in the Satpura range, east of the
Chhindi village, Chhindwara district, Madhya Pradesh an
elevation of about 600 m at latitude 22230 N longitude
78520 E (Fig. 1). The watershed covers 2,220 km2 area.
The climate of the basin is generally dry except the
southwest monsoon season. The southwest monsoon starts
from middle of June and lasts till the end of September.
October and middle of November constitute the post
monsoon or retreating monsoon season. The normal annual
rainfall is 1,192.1 mm. The normal maximum temperature
received during the month of May is 42.5 C and minimum
during the month of January is 8.2 C. Soils are mainly
clayey to loamy in texture with calcareous concretions
invariably present. They are sticky and in summer, due to
shrinkage, develop deep cracks. They generally predomi-
nate in montmorillonite and beidellite type of clays. In rest
of the alluvial areas, mixed clays, black to brown to reddish
brown, derived from sandstones and traps are observed
which are sandy clay in nature with calcareous concretions.
Near the banks of the rivers and at the confluence, light
yellow to yellowish brown soils are noticed which were
deposited during the recent past. These soils are clayey to
silt in nature.
Fig. 2 Component of the general infiltration loss model
Fig. 3 CN variation with rainfall duration (C1 day)
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Result and discussion
As described above, the available daily rainfall (P)–runoff
(Q)–sediment yield (SY) data series of Shakkar watershed,
was first separately arranged in chronological order. Each of
these series was then processed for exclusion of those pairs
exhibiting daily runoff coefficient (i.e. Q/P) being greater
than 1.0. Here, both P and Q are in mm. The processed data
series was sorted in the descending order of P, and calculated
CN using Eq. 5, and probability assigned to CN using
Weibull’s plotting position formula. Then, CN-values
(Seasonal) were derived for 90, 50, and 10 % probability of
exceedances and taken to correspond to dry, normal, and wet
conditions as for study watersheds. Since these CN-values
were derived from 1, 2, 3, 4, upto 30 days P-Q data series. As
seen in Fig. 2, S shows a continuously increasing trend with
rain duration. The derived pattern is consistent with the
notion that as rain duration increases, S increases because of
larger opportunity time available for water loss in the
watershed, and vice versa. Since whole data (which forms to
be quite a large dataset), these S (or CN) values are repre-
sentative of the watershed characteristics (Fig. 3).
Table 1 Relationship between
SY and CN for Narmada
watershed
Watershed Seasons R2 Coefficient a Exponent b SY (mm) CN
Shakkar Annual 0.78 1 9 106 1.47 1,361–72,034 72–97
Monsoon 0.79 87,328 1.45 1,057–26,257 75–97
Summer 0.78 36,549 1.64 29–977 80–96
Winter 0.76 94.4 0.89 3.38–21.49 85–97
Fig. 4 Relationship between sediment yield and potential maximum retention (S) for Shakkar watershed
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Derivation of CN, SY, and CN–SY Relationship
Mathematical and physical justification of SY–CN ratio-
nale invokes the existence of a relationship between the
duration-dependent SY and runoff curve numbers (or
potential maximum retention). For a given watershed
characteristics (Eq. 9) A and P, the sediment yield will
decrease with increasing potential maximum retention (S),
and vice versa. This relationship/methodology was verified
using the hydro-meteorological data collected from Shak-
kar watersheds of Narmada river basins of India.
Annual and seasonal curve numbers were derived from
Eqs. (5) and (6) utilizing the available short-term daily
rainfall–runoff data, covering a wide range of variation in
rainfall/runoff. The CN values for different seasons were
derived from rainfall–runoff data and these were trans-
formed to potential maximum retention using Eqs. 5 and 6
for normal condition (or SII). The sediment yield (SY) was
selected corresponding to 50 % probability of exceedance
of CN. These values when plotted (Fig. 4) against the
corresponding SY exhibited a power relation for all season.
The coefficients of determination (R2) value range from
0.76 to 0.79 (Table 1) for all seasons indicating the exis-
tence of a strong relationship between them. Such a rela-
tionship may also lead to describing the SCS-CN parameter
S in terms of the maximum possible sediment and deter-
mining SY using SCS (1956) CN-values.
Conclusions
In this study, the easily derivable runoff curve number
(CN) from the short-term daily rainfall–runoff data is
related with duration-dependent SY. Mathematical and
physical justification of SY–CN rationale invokes the
existence of a relationship between the duration-dependent
SY and runoff curve numbers (or potential maximum
retention) for different seasons. High R2 values range from
0.76 to 0.79 for all seasons support the general workability
of the proposed concept.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
References
Brakensiek DL, Rawls WJ (1988) Effects of agricultural and
rangeland management systems on infiltration. In: Proceedings
of the American Society of Agricultural Engineers Symposium
on Modelling Agricultural Forest and Rangeland Hydrology,
American Society of Agricultural Engineers, St. Joseph, Mich,
pp 102–112
Cao W, Zhang Q, Jiang N (1993) the study on mathematical model
for sediment yields caused by one storm in Loess zone (In
Chinese). Sediment Res (1):1–13
Das G, Agarwal A (1990) Development of conceptual sediment graph
model. Trans Am Soc Agric Eng 33(1):102–104
Das G, Chauhan HS (1990) Sediment routing model for mountainous
Himalayan regions. Trans Am Soc Agric Eng 33(1):95–99
Elwell HA (1978) Modelling soil losses in Southern Africa. J Agric
Eng Res 23(2):117–127
Gajbhiye S, Mishra SK (2012) Application of NRCS-SCS curve
number model in runoff estimation using RS and GIS. In:
Advances in Engineering, Science and Management (ICAESM),
International Conference, 30–31 March 2012, pp 346–352.
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=06216286
Hawkins RH (1993) Asymptotic determination of runoff curve
numbers from data. J Irrig Drain Eng ASCE 119(2):334–345
Hawkins RH (2001) Discussion of ‘‘Another look at SCS-CN
method’’ by Mishra S.K. and Singh V.P. J Hydrol Eng ASCE
6(5):451–452
Horton RE (1932) Drainage basin characteristics. EOS Trans AGU
13:350–361
Jiang Z, Song W (1980) Sediment yield in small watersheds in the
gullied-hilly Loess areas along the middle reaches of the yellow
river. The Guanghua Press (In Chinese)
McCuen RH (1982) Hydrologic analysis and design. Prentice Hall
Inc., Englewood Cliffs
Michel C, Vazken A, Charles P (2005) Soil Conservation Service
number method: How to mend among soil moisture accounting
procedure? Water Resour Res 41(2)
Mishra SK, Singh VP (1999) Another look at the SCS-CN method.
J Hydrol Eng ASCE 4(3):257–264
Mishra SK, Singh VP (2003a) SCS-CN method Part-II: analytical
treatment. Acta Geophysica Polonica 51(1):107–123
Mishra SK, Singh VP (2003b) Soil conservation Service Curve
Number (SCS-CN) Methodology. Kluwer Academic Publishers,
Dordrecht
Mishra SK, Singh VP (2004a) Validity and extension of the SCS-CN
method for computing infiltration and rainfall-excess rates.
Hydrol Process 18(17):3323–3345
Mishra SK, Singh VP (2004b) Long-term hydrologic simulation
based on the Soil Conservation Service curve number. Hydrol
Process 18:1291–1313
Mishra SK, Tyagi JV, Singh VP, Singh R (2006) SCS-CN-based
modeling of sediment yield. J Hydrol 324:301–322
Mishra SK, Gajbhiye S, Pandey A (2013) Estimation of design runoff
CN for Narmada Watersheds. J Appl Water Eng Res (Taylor and
Francis) 1(1):69–79. doi:10.1080/23249676.2013.831583.
Mou J, Meng Q (1983) Sediment transport calculation in part medium and
small basins in Shanbei. People Yellow River. (4):35–37 (In Chinese)
Mou J, Xiong G (1980) Prediction of sediment yield and evaluation of
silt detention by measures of soil conservation in small
watersheds of north Shaanxi. The Guanghua Press (In Chinese)
Novotny V, Olem H (1994) Water quality: prevention, identification,
and management of diffuse pollution. Wiley, NY
Ponce VM (1989) Engineering hydrology: principles and practices.
Prentice Hall Inc., Englewood Cliffs
Rawls WJ, Brakensiek DL (1983) A procedure to predict Green and
Ampt infiltration parameters. In: Proceedings of the American
Society of Agricultural Engineers Conference on Advances in
infiltration, American Society of Agricultural Engineers, St.
Joseph, Mich, pp 102–112
Renard GR, Foster GR, Weesies GA (1991) RUSLE revised universal
soil loss equation. J Soil Water Conserv 46(1):30–33
Rendon-Herraro O (1974) Estimation of washload produced on
certain small watersheds. J Hydraul Div Proc Am Soc Civil Eng
98(5):835–848
Appl Water Sci (2014) 4:363–370 369
123
Wang Z, Huang L (1992) Rainfall and basin sediment yield—
Sediment yield models researches one in Loess Plateau. China
Sci (B) (9):1987–1993 (In Chinese)
SCS (1956) Hydrology, National Engineering Handbook, Supplement
A, Section 4, Chapter 10, Soil Conservation Service, USDA,
Washington
Wang M, Zhang R (1990) Study on the storm-sediment yield model
of Chaba gully basin. J Soil Water Conserv 4(1):11–18 (In
Chinese)
Williams JR (1972) Sediment yield prediction with Universal
equation using runoff energy factor. present and prospective
technology for predicting sediment yield and sources
proceedings, In: Sediment Yield Workshop, 20–30 November,
Oxford, USDA Sedimentation Laboratory
Williams JR (1978) A sediment graph model based on instantaneous
unit sediment graph. J Water Resour Res 14(4):659–664
Wischmeier WH, Smith DD (1965) Predicting rainfall erosion from
crop land east of rocking mountain. US Department of Agricul-
ture, Agriculture Hand book, vol 282
Wischmeier WH, Smith DD (1978) Predicting rainfall erosion losses.
A guide to conservation planning. US Department Agriculture,
USDA handbook, vol 537, Washington DC
Yin GK (1989) Case study research: design and methods. Sage,
Newbury Park
370 Appl Water Sci (2014) 4:363–370
123
